Aggregate hours worked per working-age person decreased in Austria by 25% from 1970 to 2005. During the same time period, taxes increased, particularly the effective marginal tax rate on labor income. Using a standard general equilibrium growth model with taxes, I quantitatively assess the role played by the evolution of taxes on the evolution of hours worked in Austria. The model accounts for 76% of the observed decrease in hours worked per working-age person. My results are in line with other studies, such as Prescott (2002), which find taxes play an important role in explaining aggregate hours worked.
Introduction
In examining the causes of the differences in aggregate hours worked both across countries and within countries over time, macroeconomists find taxes play an important role. and Prescott (2004) argue tax rates account for much of the difference observed in hours worked between the United States and Europe. Ohanian, Raffo, and Rogerson (2006) expands Prescott's work to a larger set of countries over a longer time span and finds much of the variation in hours worked over time and across countries can be explained by taxes. Conesa and Kehoe (2008) take a more detailed look at the cases of Spain and France and also show taxes play an important role in explaining the fall in hours worked.
I build on the existing literature by analyzing the specific case of aggregate hours worked in Austria over the years . Austria is representative of the experience of many European countries. In 1970's Austria, hours worked per working-age person were higher than in the United States. By the year 2005, hours worked per working-age person in Austria had decreased by 25% and stood at a level lower than that in the United States. I study the question, "How well can the evolution of taxes account for the evolution of aggregate hours worked in Austria?" This paper closely relates to the work in Conesa and Kehoe (2008) , essentially applying the methodology employed in that paper to the case of Austria over the period . The methodology used is the one developed by Kehoe and Prescott (2002) to study great depressions and is based on growth accounting and the dynamic general equilibrium growth model. Kehoe and Prescott (2007) contains a collection of papers employing a similar framework to study sixteen depressions throughout history and the world, including the cases of France, the United States, Japan, and Mexico. Cicek and Elgin (2011) represents a more recent application of this methodology for the case of Turkey. There are three steps to the methodology. First, growth accounting quantifies the contributions of total factor productivity (TFP), capital, and aggregate hours worked for the growth of output. Second, the neoclassical growth model serves as a theoretical framework for understanding the dynamics of the economy. The central feature of the model is a representative household which takes the evolution of taxes and TFP as given and chooses sequences of consumption, hours worked, and capital to maximize utility. Third, the growth model is calibrated and used to conduct numerical experiments. The numerical experiments generate model data which can then be compared to the actual data observed in the economy. As Kehoe and Prescott (2002) point out, the methodology functions as a diagnostic tool, relying on macro data and a macro model to determine the factors of the economy requiring more detailed study.
The growth accounting for Austria reveals a large divergence between TFP and output per working-age person. The divergence results from the steady decline in hours worked in Austria from 1970 to 2005. Austria contrasts with the experience of the United States. In the United States, hours worked per working-age person remain fairly constant and have even increased since the early 1980's. The growth accounting for Austria is, however, in line with other European countries experiencing large declines in hours worked, such as Spain, France, and Finland.
1
I find the neoclassical growth model augmented with taxes does a good job of replicating the data from my growth accounting exercise. In order to perform this experiment, I exogenously set the consumption tax rate and the effective marginal tax rates on labor and capital income to the rates found in the data. The model with these actual tax rates accounts for 76% of the fall in hours worked observed in Austria over the period . I show the necessity of augmenting the model with the sequences of actual tax rates by conducting two additional experiments which fail to replicate the experience of the Austrian economy. The first tests the performance of a model with no taxes against the data, while the second tests a model with constant tax rates. Both of these experiments fail to match the data as well as the model with the sequences of the actual tax rates found in the data. My results support the evidence found in the literature mentioned earlier.
I do not wish to claim other labor market frictions or institutions play no role in explaining the evolution of hours worked in Austria. However, as Conesa and Kehoe (2008) point out, to the extent that the development of such institutions coincides with the increase in taxes, these explanations would be correlated with the evolution of taxes in Austria. My analysis also says nothing about the distribution of hours worked within the working-age population.
For example, labor force participation among the elderly remains low in Austria. The pension system in Austria is one of the more generous and complete in Europe, widely recognized as 1 See Conesa and Kehoe (2008) for a similar growth accounting decomposition of Spain and France. See Conesa, Kehoe, and Ruhl (2007) for the case of Finland.
unsustainable, and currently in a state of on-going reform.
2 I return to this point when discussing avenues for future research in the concluding remarks of this paper.
The remainder of the paper is organized as follows: Section 2 contains the growth accounting exercise. In Section 3, I describe the neoclassical growth model with taxes. Section 4 presents the calibration and results of the numerical experiments. Section 5 concludes.
Growth Accounting
The growth accounting for Austria is based on the standard theoretical framework of the neoclassical growth model, as in Kehoe and Prescott (2002) , and is intended to detect deviations from balanced growth behavior. The model contains an aggregate production function taking the Cobb-Douglas form,
where Y t is output, A t is TFP, K t is capital input, L t is labor input, and 1 − α is labor's share of income. If both the growth in TFP and the growth in working-age population, N t , are assumed to be constant,
then there is a balanced growth path where output per working-age person, , are constant. Kehoe and Prescott (2002) then rewrite the aggregate production function (1) as the following: In order to perform the growth accounting decomposition for Austria, data needs to be collected for the series of output, capital stock, working-age population, and hours worked. A value for labor's share of income also needs to be assigned. The series of TFP can then be calculated using these series and the labor share of income. The appendix contains additional information on the data used throughout this paper and their sources.
The national accounts for Austria do not report a series for the capital stock, so I construct the series using the perpetual inventory method,
where δ denotes a constant depreciation rate of capital and X t is investment. The capital stock series can then be accumulated from data on investment and values for δ and an initial capital stock. The value of δ is chosen to match the average ratio of depreciation to gross domestic product (GDP) in the data over the calibration period 1970-2005. In Austria, the average ratio of depreciation to GDP over the years 1970-2005 is 1 36
The value of the initial capital stock is chosen so that the capital-output ratio in the initial period, 1960, matches the average capital-output ratio over a reference period, 1961-1970 :
The equations (5), (6), and (7) make up a system that can be solved to find the capital stock series and the value of δ. The calibrated value for δ in Austria is 0.0382. Only the TFP series remains to be calculated in order to report the growth accounting for
Austria. This is done by simply rearranging the aggregate production function (1) and using the measures of output, capital stocks, hours worked, and the labor income share to solve for the following: 
Figure (2) 
Model
The economic environment is that of the simple dynamic general equilibrium model augmented with taxes. A representative household takes the evolution of taxes and TFP as given and chooses sequences of consumption, hours worked, and capital to maximize utility. A representative firm produces output with an aggregate technology, taking prices as given. Government collects proportional taxes on consumption, labor income, and capital income and rebates the proceeds to the household in a lump-sum fashion, making sure to balance its budget.
Specifically, the representative household chooses sequences of aggregate consumption, C t ; aggregate capital stocks, K t ; and aggregate hours worked, L t , to solve the following maximization problem: max ∞ t=To βconstrains the household's choice of aggregate hours worked, since the total number of hours available for work ishN t . Finally, (13) is the constraint on the initial stock of capital.
The representative firm produces output according to the production technology (1). A competitive environment, in which the firm earns zero profits and minimizes costs, gives rise to the pricing rules for the wage rate and rental rate:
The feasibility constraint in the economy requires current output be divided between consumption and investment:
The government's budget constraint ensures the total tax receipts exactly equal the lumpsum transfers to the household:
Note that the assumption about government transfers matters. Rebating all the tax receipts in a lump-sum fashion to the household is equivalent to viewing government expenditure as a substitute for private consumption. For instance, the tax revenue might be used to finance health care, unemployment insurance, or public schools. Specifying the government in this way leads changes in taxes to have larger effects on the supply of labor, as discussed in .
However, this assumption is reasonable as long as tax revenue is mainly used to finance substitutes for private consumption, which is the case in Austria. Now, an equilibrium for this environment can be defined as follows:
Given sequences of TFP, A t ; working-age population, N t ; consumption tax rates, τ c t ; labor income tax rates, τ l t ; and capital income tax rates, τ k t , for t = T o , T o + 1, ... and an initial capital stock, K To , an equilibrium with taxes is sequences of aggregate consumption, C t ; aggregate capital stocks, K t ; aggregate hours worked, L t ; wages, w t ; interest rates, r t ; and transfers, T t , such that the following conditions hold:
1. Given wages, w t , and interest rates, r t , the representative household chooses consumption, C t ; capital, K t ; and hours worked, L t , to maximize utility (9) subject to the budget constraint (10), the nonnegativity constraints (11), the upper bound on the total number of hours worked (12), and the constraint on the initial capital stock (13).
2. The wages, w t , and interest rates, r t , and the representative firm's choices of labor, L t , and capital, K t , satisfy the cost minimization and zero profit conditions (14) and (15).
3. Consumption, C t ; labor, L t ; and capital, K t , satisfy the feasibility constraint (16).
4. Government transfers, T t , satisfy the government's budget constraint (17).
These equilibrium requirements reduce to a system of equations which characterizes the equilibrium. Taking the first-order conditions of the household's maximization problem, I solve for the household's intertemporal and intratemporal conditions:
(
Plugging the firm's optimality conditions (14) and (15) into the household's optimality conditions (18) and (19), yields
which, combined with the feasibility constraint (16) and government budget constraint (17), is the system of equations characterizing the equilibrium of the model. I use this system when computing the equilibrium of the model in my numerical experiments. 
Numerical Experiments
The numerical experiments I perform compare the data to three theoretical economies with different tax scenarios. The first is a model with no government and no taxes at all in which τ variables given a set of calibrated parameters and the evolution of the exogenous variables. The exogenous variables are the sequences of TFP, working-age population, and the taxes rates. The numerical experiments will then allow me to compare the evolution of the aggregate variables implied by the model with those actually observed in the data. The aggregates I compare are real GDP per working-age person, the capital-output ratio, and, of course, hours worked per working-age person.
Calibration
Following the methodology in Mendoza, Razin, and Tesar (1994) , I use data on aggregate tax collections to calculate the sequences of effective tax rates τ The exogenous series of TFP in the experiment with no government and no taxes is calculated from equation (8) in the growth accounting exercise. In the experiments with taxes, I adjust the series of TFP by modifying equation (8) to
where C t + X t is real GDP at factor prices in the data. However, when I report the contribution of TFP to growth in the results section, I report the conventional measure of TFP,
is real GDP at market prices of the base yearT = 2000.
The exogenous sequence of the working-age population is that measured from the data in the growth accounting exercise. I assign a value ofh = 100 for an individual's time endowment of hours available for market work per week.
The remaining parameters are the initial capital stock, K To ; capital share, α; depreciation rate, δ; discount factor, β; and consumption share, γ. The initial capital stock is the 1970 value from the series of capital stocks calculated in the growth accounting exercise. The capital share and depreciation rate are also the same as in the growth accounting exercise, which means α = 0.3104 and δ = 0.0382. Rearranging equations (18) and (19) allows me to calibrate β and γ as follows: 
Results
Figures (5) - (7) and Table ( All three models predict similar results with respect to capital deepening. Figure (7) graphs the evolution of the capital-output ratio in Austria and the capital-output ratios implied by the three numerical experiments. The three models generate smaller capital-output ratios than those found in the data.
Finally, Table ( 1) presents the quantitative implications of the numerical experiments by comparing the growth accounting in the data with the growth accounting in each of the three (4):
Output per working-age person now decomposes into three additive factors. The numbers in Table ( 1) can be viewed as growth rates, as they are average annual changes multiplied by 100.
Conclusion
The workhorse of modern macroeconomics is the general equilibrium growth model. It has been used to study business cycles, monetary policy, great depressions, and a host of other economic worked. My assumption about tax revenue being lump-sum transferred to the representative household could also be subjected to sensitivity analysis. Conesa and Kehoe (2008) conducts an extensive sensitivity analysis on these assumptions and more in an identical model to the one presented here. I refer the reader to their discussion.
Second, the analysis presented here is silent about the distribution of hours worked within the working-age population, as mentioned in Section 1. Recent research stresses the importance of heterogeneity across individuals in accounting for facts regarding cross-country differences in labor outcomes. Prescott, Rogerson, and Wallenius (2009) Given the focus of this paper, a more detailed discussion regarding the construction of the Austrian tax rates seems appropriate. As mentioned in the text, I follow the procedure of previous studies, such as Conesa, Kehoe, and Ruhl (2007) and Conesa and Kehoe (2008) .
Calculating the effective marginal tax rates requires data on both tax revenue and the tax 
In order to construct the tax rates on labor and capital income, I first calculate the marginal tax rate on household income. Second, I calculate the tax rates on labor and capital income by assigning the ambiguous income categories in the data to either labor or capital income. I set capital's share of income to be α, which is the same as that in the aggregate production function
(1). The marginal tax rate on household income is τ h t = adj 1100 CE t − 2200 + (OSMI t − δK
where adj is the adjustment factor taking the progressivity of the income taxes into account and converts the average tax rate to a marginal tax rate. In the case of Austria, I set adj = 1.6.
The labor and capital taxes are then computed as follows: 
